ment approaches such as purine analog combination regimens or chemoimmunotherapy (18) . Retrospective analysis of data gathered by Barcelona group which showed that overall survival in patients older than 70 did not improve in the last decade in historical comparison to younger patients (1) does not support this hypothesis. Of course, definite answers can be provided by prospective randomized trials only.
Specific issues in elderly/comorbid patients
It has been demonstrated that organ functions deteriorate with advancing age. One of most important examples is renal function. Creatinine clearance has been reported to decrease at a rate of approximately 1 % per year (34) . Muscle mass and urinary creatinine excretion in advancing age decrease at similar rate; therefore, mean serum creatinine concentrations may stay nearly constant despite decreasing renal function. This may result in overestimation of renal function if serum creatinine alone is used to assess renal function and calculate drug dosages (reviewed in 34). These facts have obvious implications for the dosing of systemic treatment of elderly patients with CLL, especially fludarabine which is predominantly excreted via kidneys (43) . For practical purposes, it is convenient (and common in CLL studies) to assess patients' renal function by calculated creatinine clearance formula developed by Cockroft and Gault (9) . Indeed, an analysis of Cancer and Leukemia Group B (CALGB) study 9011 using fludarabine monotherapy in 192 previously untreated patients (median age, 64 years) found out that creatinine clearance below 80 ml/min. (but not age!) was predictive of higher toxicity (37) . Comorbidities in general have detrimental effect on survival of cancer patients (42) . A study specifically looking at the role of comorbidities in patients with malignant lymphomas reported shorter overall survival in patients with severe comorbidities (32) . In contrast, a single-center analysis from Mayo Clinic identified age rather than comorbidities as significant factor for overall survival (55) . However, this analysis was influenced by the fact that comorbidities were assessed at the time of CLL diagnosis, not at the time of treatment (which in many patients occurs several years after diagnosis and comorbidities may occur in the meantime). German CLL study group analyzed patients from two prospective trials. There was a trend towards shorter survival in comorbid patients (either with multiple comorbidities or with severe comorbid diseases); this was independent of age (10) . As both age and comorbidities appear to play an important role in the prognosis of CLL patients, more prospective studies are clearly needed to shed more light on this topic.
Therapeutic options for elderly/comorbid CLL patients
First-line treatment Chlorambucil, though an old drug first successfully used in CLL in 1950s (2), can be still regarded as gold standard in treatment of frail patients with CLL because no other regimens proved to be superior so far. There are several possible dosing schedules of chlorambucil: 1) low-dose approach using 0.1 mg/kg continuously, 2) pulse schedule of 0.4-0.8 mg/kg every 2 weeks, used in German protocols (17), 3) 10 mg/m 2 on days 1-7 repeated every 28 days for up to 12 cycles, used in British studies (7), 4) 40 mg/m 2 once monthly, used by Cancer and Leukemia Group B (CALGB) (46) . As there have been no randomized trials comparing different chlorambucil schedules, identification of the best regimen is not possible. However, schedules using higher dose per cycle (German and British study groups) appear to be more effective. CLL-5 study conducted by German CLL Study Group has been so far the only randomized trial which specifically focused on elderly patients: comparison of fludarabine monotherapy to chlorambucil was performed in 193 untreated patients older than 65 years (median, 70 years). Although fludarabine induced significantly higher percentage of overall responses (ORR) and complete responses (CR) than chlorambucil (ORR, 72 vs. 51 %, p=0.003; CR, 7 vs 0 %, p=0.011), this did not translate into longer progression-free survival (median 19 vs 18 months, p=0.7) and there was even a trend toward longer shorter overall survival in fludarabine-treated patients (fludarabine, median 46 months vs chlorambucil, 64 months, p=0.15). The results of PFS and OS could be in part attributed to the fact that significantly less patients in the fludarabine arm were retreated when disease progressed again (50 vs 77 %; p=0.006) (17) . Based on these results, the German CLL Study Group still considers chlorambucil as the standard treatment for elderly CLL patients. Results of CLL-5 study underline the fact that questions related to specific clinical settings (like treatment of patients with comorbidities) must be answered in a specifically de- 
Treatment of relapse
In general, patients may be retreated with the previously used regimen if they responded and the duration of response exceeded 12 months for conventional protocols like chlorambucil or fludarabine monotherapy or at least 24 months for fludarabine combinations (e.g., FC, FCR). Patients refractory to alkylator-based regimens and unsuitable for fludarabine may be treated by high-dose corticosteroids (see section Refractory disease).
Dose-reduced protocols containing fludarabine
Unacceptable myelotoxicity and/or infections represent the most important drawback in elderly/comorbid patients treated with intensive fludarabine-based chemo(immuno) therapy. Ferrajoli et al. reported results of FC and FCR regimens in 125 patients older than 70 years. Half of patients have been previously treated. Severe (CTC grade III/IV) myelotoxicity occured in 60 and 82 %; severe infections complicated treatment in 42 and 22 %, leading to early discontinuation in significant number of patients, especially in relapse -median number of administered cycles was only 2 for FC and 3 for FCR (22) . Israeli Group on CLL reported results of fludarabine-based combination (monotherapy, FC or FC plus mitoxantrone) as salvage treatment in 82 CLL patients (32 older than 65 years with median age of 70). While ORR/CR was lower in older patients (59/0 % vs 80/20 %), infectious toxicity in this subgroup was unacceptable: severe bacterial infections occured in 44 % and neutropenic fever in 25 %, leading to at least one hospitalizazion due to infection in 63 % of patients. Consequently, only 31 % of patients completed the planned treatment (51 Significantly higher toxicity of full-dose fludarabine combinatis can be at least in part explained by slower excretion of fludarabine metabolites via kidneys as renal functions deteriorates with advanced age. To try to resolve this issue, dose-reduced fludarabine regimens were developed aiming at reduction of the treatment toxicity while maintaining efficacy. Indeed, several small studies have reported decent response rates and modest toxicity of either lowdose fludarabine monotherapy (49) or low-dose FC combination (4, 20, 21, 28, 36) . The results of these studies are summarized in Table 2 . The logical next step is combination of low-dose chemotherapy with monoclonal antibodies. Protocol "FCR-Lite" consists of low-dose FC (fludarabine, 20 mg/m 2 and cyclophosphamide 150 mg/m 2 i.v. day 1-3 of the cycle) is and double dose of rituximab (500 mg/m 2 day 1 and 14 of the cycle, repeated q 28 days); patients who achieve partial or complete response receive maintenance treatment with rituximab 500 mg/m 2 every three months for 2 years. Preliminary results in a selected group of 49 untreated patients were impressive: ORR/CR was achieved in 100/85 %; 7/8 patients in CR were MRD-negative. With regard to toxicity, the regimen was very well tolerated. Grade III/IV neutropenia occured in 12 % of cycles only. Ironically, the patients were neither elderly nor comorbid: median age was 58 years, patients were predominantly in intermediate clinical stages and had excellent performance status (27) ; therefore, these results are not relevant for the elderly/comorbid CLL patient population. Efficacy and safety of low-dose FCR in elderly/comorbid patients is currently tested within protocol "Q-lite" of the Czech CLL Study Group (44) . Preliminary results are pending this year. Combination of pentostatin (2 mg/m 2 ), cyclophosphamide (600 mg/m 2 ), and rituximab (375 mg/m 2 ) was used in 64 previously untreated patients with CLL (50). Eighteen patients were older than 70 years and 25 had creatinine clearance below 70 ml/min. These subgroups did not have significantly inferior results or higher occurence of cytopenia; howerver, older patients had more treatment delays and those with impaired renal function required more dose reductions; furthemore, the study was not statistically powered to test for these differences and direct comparison with fludarabine regimens was not available. Therefore, more data are needed to address the question whether pentostatine could be less toxic than fludarabine and thus more suitable for elderly/comorbid patients with CLL.
Refractory CLL
Management of patients with refractory CLL represents a truly challenging task for every hematologist (52) . Monoclonal anti-CD52 antibody alemtuzumab is approved for use patients who have failed fludarabine-based regimens. ORR can be expected at 30-40 % but responses often last less than 12 months (8). Furthemore, opportunistic infections are frequent so benefits must be carefully weighed against the risks. Patients who are double refractory to fludarabine and alemtuzumab or those fludarabine-refractory with bulky lymphadenopathy (where alemtuzumab efficacy is less likely) have a particularly dismal prognosis (54) . One of emerging treatment options for these patients is the use of high-dose corticosteroids. Combination of high-dose methylprednisolone (HDMP) at the dose of 1 g/m 2 i.v. day 1-5 with rituximab 375 mg/m 2 i.v. day 1 repeated every 4 weeks was used in 14 heavily pretreated patients, most of them with bulky lymphadenopathy, six being older than 65 years (14) . ORR was 93 % with 2 CRs. The problem, however, was short duration of response (median PFS, 7 months) and grave infectious toxicity despite combined prophylaxis: 6/14 patients had a significant opportunistic infection while on treatment. The Mayo Clinic group treated 37 relapsed CLL patients with HDMP at the same dose in combination with weekly schedule of rituximab (day 1, 8, 15 and 22) . ORR was 78 % and median PFS around 12 months. Again, infections were serious: five early deaths due to infection during the first month of treatment occured (5). Castro et al. treated 14 fludarabine-refractory patients by 3 cycles of R-HDMP at the same dose. ORR/CR were 93/36 %; median PFS 15 months and median time to next treatment 22 months. Interestingly, serious adverse evets were rare (6) . Solution of the common problem with infectious toxicity could lie in lowering the dose of steroids: use of high-dose dexamethasone (40 mg on days 1-4 repeated every 28 days) with rituximab was reported by Quinn; six patients treated with this regimen has similar results to those treated by HDMP but toxicity was notably lower with dexamethasone (45) . Czech authors recently reported promising results of treatment of autoimmune cytopenias by rituximab with HDMP or dexamethasone (13) . Ofatumumab, a fully human anti-CD20 antibody has recently been approved by FDA for the treatment of CLL patients double-refractory to fludarabine and alemtuzumab. The schedule used in the registration study was 1x300 mg + 7x2000 mg by intravenous infusions weekly followed by four monthly doses of 2000 mg. Results were promising given the highly unfavourable patient cohort: ORR was 51 % in the double-refractory patients and 44 % in the bulky fludarabine-refractory group. Median OS was 14 and 15 months (57).
Future directions
Combination of chlorambucil and monoclonal antibodies offers a promising way to increase the therapeutic efficacy while maintaining low toxicity. Protocol combining chlorambucil and rituximab, i.e. two agents with a very favourable toxicity profile and synergistic mode of action in vitro, is currently studied in the United Kingdom (ruximab, 500 mg/m 2 , in first cycle 375 mg/m 2 ; chlorambucil, 10 mg/m 2 p.o. day 1-7; repeated every 28 days). Preliminary results showed that ORR achieved with the combination in 50 patients was better than chlorambucil monotherapy in historical comparison to results of British CLL4 trial (ORR, 84 vs 67 %). Interestingly, grade III/IV neutropenia was relatively high at 40 % (31). German CLL Study Group is enrolling patients into a large phase III trial randomizing between chlorambucil monotherapy, chlorambucil+ritu-ximab and chlorambucil+GA-101, a class II anti-CD20 monoclonal antibody with improved antibody -dependent cytotoxicity and direct induction of cell death. Combination of chlorambucil with ofatumumab vs chlorambucil monotherapy is tested in another phase III trial (40). No results from these studies are available to date.
While rituximab monotherapy has limited efficacy in CLL, probably due to lower CD20 density and circulating CD20 (8) , one of the potential ways to increase the therapeutic response is combination with granulocyte-macrophage colony-stimulating factor (GM-CSF) which has been shown to increase the CD20 expression on CLL cells. Combination of rituximab (375 mg/m 2 i.v. weekly for 4 weeks) with GM-CSF (250 μg s.c. 3x weekly for 8 weeks) was studied as initial treatment in 32 patients with median age 73 years. ORR/CR rate was 72/6 %. Tolerability was excellent: no severe myelosuppression or infections were reported (24) .
Bendamustin is a unique molecule combining the properties of an alkylating agent and a purine analog, originally developed in former German Democratic Republic in 1960 s and mainly used for the treatment of lymphomas. Bendamustine was approved by US Food and Drug Administration for the first-line treatment of CLL following demonstration of better ORR/CR and PFS in comparison to chlorambucil (33) . German CLL Study Group published results of a dose escalation phase I/II study in 16 patients with relapsed/refractory CLL; median age was 67 years. The maximum tolerated dose was 70 mg/m 2 i.v. on day 1 and 2, repeated every 4 weeks. ORR/CR was 56/13 %. The median duration of response was 43 months. Most frequent grade III/IV toxicities included leukopenia (50 %) and infections (44 %) (3). The next logical step, combination of bendamustine with rituximab, was reported by the same group in 81 patients (median age 67 years) with relapsed/refractory CLL. The regimen yielded ORR/CR of 77/15 %. Severe neutropenia and thrombocytopenia occured in 12 and 9 % of treatment courses and there were 5 % severe infections. Treatment-related mortality was 4 % (3 patients 2x sepsis, 1x pneumonia) (25) . These results suggest that bendamustine might be an effective and above all safe drug for the treatment of elderly CLL patients.
Lenalidomide, an orally available immunomodulatory drug which targets the interactions of leukemic cells with the bone marrow and lymph node microenvironment, was tested in a phase II study as initial treatment in 43 elderly CLL patients (median age, 72 years; 42 % in Rai III/IV stage). The drug was given continuously at a starting dose of 5 mg with possible escalation after 8 weeks. ORR was 54 % with no CRs. The median daily dose administered was 10 mg. Toxicity was acceptable: severe neutropenia and/or thrombocytopenia developed in 26 %. Infections (2x neutropenic fever, 1x pneumonia) Tumor flare ocurred in (44 %) but was limited to grade I/II. Importantly, no tumor lysis syndrome was seen (23) .
Practical points in the management of elderly/comorbid patients with CLL

Diagnosis of CLL
It is perfectly fine to use peripheral blood for confirmation of the diagnosis by flow cytometry and there is usually no need in performing bone marrow aspiration/biopsy as part of initial staging. This procedure, giving its demands for the patient, should be reserved for those presenting with cytopenias where marrow cytology and/or histology may provide clues to etiology of the cytopenia (29) .
Extent of staging
Besides basic laboratory tests such as full blood count, biochemistry, and antiglobulin test, I usually order abdominal ultrasonography to detect possible retroperitoneal lymphadenopathy. In my experience, a significant proportion of patients have enlarged abdominal lymph nodes and some of them may progress in retroperitoneal lymph nodes only while their external lymph nodes remain stable. Patients with relapsed CLL have even more frequently significant abdominal lymphadenopathy. In these patients, assessment of the largest lymph nodes is even more important if we consider using alemtuzumab because this agent is considerably less effective in patients with bulky lymphadenopathy (8) . Prognostic relevance of imaging methods in CLL (38, 41) as well as small lymphocytic lymphoma (53) has been reported.
Treatment decisions
Before initiating treatment, the most important question is, whether the patient is truly indicated for therapy. We must keep in mind that every therapeutic intervention may result in potentially severe side effects. Therefore, the "primum non nocere" (first do no harm) principle is highly relevant. I follow the NCI-WG criteria for the commencement of treatment -these guidelines are based on disease activity, e.g. massive or progressive lymphadenopathy or splenomegaly, progressive anemia and/or thrombocytopenia, systemic symptoms (significant weight loss, non-infectious fevers, fatigue or night sweats) or rapid lymphocyte doubling time (less than 6 months). However, in specific cases, the treatment does not necessarily have to be initiated even though one of the criteria is fullfilled: in patients with mild thrombocytopenia above 70x10 9 /l, it pays to monitor the patient's blood count closely because in some patients the platelets (though mildly decreased) may remain stable for a longer period of time. I also recommend patience with regard to lymphocyte doubling time. Obviously, some patients quickly double the absolute lymphocyte count (ALC) from 30,000 to 60,000/mm 3 . Given that ALC itself is not harmful to the patient, I usually continue with close follow-up (every 6-8 weeks) and wait for the further development of blood count. In many patients the rise in leukocytes will slow down, following the gompertzian curve of tumor growth. If the patient definitely requires treatment, it is extremely important to thoroughly discuss treatment possibilities with the patient in order to choose the type of treatment that best suits and fits the patient (not necessarily the physician!). As every patient is different and there are often several good options instead of "the only good one", it is crucial to respect the patient's preferences and fully explain the pros and cons of all reasonable therapeutic options.
It is advantageous if a patient can be offered one of the currently active clinical studies testing novel (and expectedly more effective) therapies in CLL, such as lenalidomide, chlorambucil-monoclonal antibody combination, ABT-263 (an orally available bcl-2 inhibitor) or maintenance treatment -see Table 3 . Importantly, patients with small lymphocytic lymphoma (SLL) should be managed in the same way as SLL differs from CLL in tumor distribution only (53) .
Choice of specific treatment regimen
With regard to intensity of treatment, it is crucial to assess the patient's fitness general condition and adjust the extent of diagnostic procedures and therapeutical goals accordingly. It is better to use biological age rather than calendar age as there may be huge differences between different patients of the same age. While Eastern Cooperative Oncology Group (ECOG) performance status is a suitable basic tool, it does not tell us anything about the number and severity of comorbid diseases. Regarding assessment of comorbidities, I follow the practice of German CLL Study Group which uses Cumulative Illness Rating Scale (CIRS) system in its studies (29) . This system scores number and severity of comorbidities in each of the organ system and its predictive power has been shown in patients with solid tumors (19) . Threshold of 6 was used in German studies to distinguish between significantly comorbid patients and those without serious comorbidities. Patients aged 65-70 (sometimes 75) in good general condition, with performance status 0-1, CIRS score ≤ 6 creatinine clearance ≥ 70 ml/min. and no serious comorbidity (such as advanced cardiac failure or ischemic heart disease) usually receive the same treatment regimens as younger patients, e.g. full-dose FCR, alemtuzumab etc.
Supportive treatment
While infections are clearly the predominant complications and the most common cause of death in CLL patients, it is essential to try to maximize the patients' protection from infections, especially during cytoreductive treatment. While the rate of infectious complications is relatively low in younger patients undergoing first-line therapy (16) , occurence of infections seems to rapidly increase with every subsequent line; patients refractory to fludarabine and/or alemtuzumab are in particular susceptible to various opportunistic infections (54) . My personal practice is to offer combined antimicrobial prophylaxis to all elderly patients undergoing treatment based on fludarabine or corticosteroids. The prophylactic regimen usually consists of sulphametoxazol/trimetoprim 960 mg twice daily on three days of the week (Monday, Wednesday, Friday) combined with an antiviral agent such as aciclovir 400 mg or valaciclovir 500 mg twice daily. Antimycotic prophylaxis is usually reserved to patients with a history of repeated or severe mycotic infections. The prophylaxis is maintained until at least 2 months after cessation of chemotherapy. This prophylaxis is absolutely mandatory in patients treated with alemtuzumab. Patients presenting with high tumor load (massive lymphadenopathy/splenomegaly, hyperleukocytosis) receive allopurinol at the dose of 300-600 mg daily as the prophylaxis of tumor lysis syndrome; adequate hydration is also crucial. Regarding growth factor support, I rarely use primary prophylaxis of febrile neutropenia with granulocyte colony-stimulating factor (G-CSF); instead, this agent is used in case of severe neutropenia and I usually reduce the doses of chemotherapy by 25 % in the subsequent cycles. Erythropoiesis-stimulating agents (ESP) are used in concordance to international guidelines (ESMO, NCCN, EORTC 
Conclusions
Treatment of elderly or comorbid patients with CLL represents a challenging task. The lack of data from randomized trials make the treatment decisions difficult. As there is yet no evidence of any regimen being better than chlorambucil in this patient population, it is still the standard treatment in first line. While best supportive care appears to be the best option in severely comorbid patients, others with moderate comorbidities may profit from chlorambucil cominations or other approaches. Comprehensive geriatric assessment (such as CIRS) offers a useful tool to distinguish between these categories. Quantification of creatinine clearance is also important, especially if planned treatment includes fludarabine. It is highly advantageous to enroll as many elderly/comorbid patients into currently running randomized trials testing combination of chlorambucil+rituximab, chlorambucil+ofatumumab or chlorambucil+GA-101, monotherapy with rituximab or lenalidomide and others (NCI, see Table 3 ). Low-dose fludarabine combinations have yielded promising results in small phase II studies which should be confirmed in larger trials. In refractory CLL, treatment options include alemtuzumab, ofatumumab and high-dose corticosteroids. Supportive treatment with antimicrobial prophylaxis is crucial. With many clinical trials currently under way, we can hope that our treatment options aiming at the ultimate therapeutic goals in CLL patients of advanced age or with comorbidities -prolongation of overall survival and improvement in quality of life -will be improved in near future.
